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論 文 内 容 要 旨          
 The constant updating technological innovation and the explosive population growth have given 
exponentially increase to demand for freshwater. Owing to the worldwide shortage of freshwater resource, 
partial regions are drawing on the water source that is replenished by treated wastewater. People's 
perceptions of the wastewater hazards generally stem from historical facts, exemplified by a case of the 
Minamata disaster, Japan, in the 1950s. Although some types of industrial waste streams show no toxicity 
to human, however, it may bring the serious ecological issue. For instance, the discharge of the wastewater 
containing excessive nutrients, such as nitrogen and phosphorus, may cause eutrophication of waterbody 
and upset the balance of the ecosystem.  
Awareness of the environmental hazards of waste streams has led to the development of various treatment 
strategies. Among the alternatives, biological treatment is one of the most recommended technologies. 
Anaerobic digestion (AD), is a biological process which converts organic compounds into different products 
under the oxygen-free condition. Biogas is a versatile renewable energy source, which can be used for 
replacement of fossil fuels in power and heat production, and it can be used also as a gaseous vehicle fuel. 
Methane-rich biogas (biomethane) can replace also natural gas as a feedstock for producing chemicals and 
materials. The production of biogas through anaerobic digestion offers significant advantages over other 
forms of bioenergy production. It has been evaluated as one of the most energy-efficient and environmentally 
beneficial technology for bioenergy production. The biogas produced by the AD process contains 50-75% 
methane and 5-10% hydrogen, and is a potential biofuel. On one hand, wastewater from vinasse, pulp and 
chemical plants are rich in organic matter, on the other hand, the biogas from wastes, residues will play an 
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important role in energy supply in the future. 
Among the current anaerobic treatment technologies, Up-flow Anaerobic Sludge Blanket (UASB) reactors 
are widely applied especially in high strength organic wastewater treatment due to the lower operational 
cost, lower sludge production and biogas production. To the best of my knowledge, there still remain 
technical problems need to be solved when using UASB (or others anaerobic) process to treat wastewaters 
from some special industrial plants. For example， the competition between methanogenesis and 
sulfidogenesis in the anaerobic process. As a main metabolite of sulfidogens, sulfide is a significant factor 
that results in the anaerobic process failure due to its microbial toxicity. Until now, the insights into the 
long-term competition between the two microorganisms has remained unclear. For another case, the 
negative effects of wastewater with high viscosity and SS contents on the granular sludge in the UASB 
reactor could never be ignored. The purpose of this study is to discuss above issues through long-term 
experiments, in order to assesses the UASB treatment performance the complex industrial wastewaters. 
The wastewater containing a high concentration of organic matter and sulfate are largely discharged from 
the pump and chemical industries. However, It has been demonstrated that the competition between 
sulfate-reducing bacteria (SRB) and methane producing archaea (MPA) for carbon sources may result in a 
decrease of methane production in the UASB process.  
As mentioned above, the SRB shows the stronger substrate affinity than MPA. Not only that, sulfide 
(especially the H2S molecule in the liquid phase), the cellular metabolites of SRB, was confirmed to be 
shown biological toxicity to microorganisms in the reactor. For a long period of time, this had been 
considered to be an extremely unfavorable factor in the UASB treatment. On the other hand, thanks to the 
limited organic use type of the MPA, in the anaerobic digester, the majority of organics need to be converted 
to simpler compound (e.g. acetic acid, formic acid etc.) through a series of biological synergy. Some species of 
SRB are proved that can utilize the complex organics, for instance, propionic acid and ethanol as the electron 
donor, converted the substrate to acetic acid, an excellent substrate for MPA. Fig.1.3 shows the possible 
bio-conversion pathway for MPA and SRB using ethanol as the organic carbon. Some researchers employed 
the sulfate as an external electron donor to treat coffee grounds and confirmed that SRB could effectively 
promote the bio-conversion of propionic acid to acetic acid, revealed that a certain degree of sulfate reduction 
is beneficial to methane conversion.  
 
The report undoubtedly confirms that the feasibility of establishing an in-situ 
sulfidogenesis-methanogenesis symbiosis system in the anaerobic treatment of sulfate-rich wastewater. The 
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The report undoubtedly confirms that the feasibility of establishing an in-situ 
sulfidogenesis-methanogenesis symbiosis system in the anaerobic treatment of sulfate-rich wastewater. The 
symbiotic relationship between MPA and SRB in the UASB treatment of industrial wastewater with low 
COD/SO42- will be discussed in the Chapter.3. The competition between methane-producing archaea and 
sulfate-reducing bacteria is an important topic in anaerobic wastewater treatment. In this study, an Up-flow 
Anaerobic Sludge Blanket Reactor (UASB) was operated for 330 days to evaluate the treatment 
performance of sulfate-rich wastewater. The effects of competition change between methane production and 
sulfate reduction on the organic removal efficiency, methane production, and electrons allocation were 
investigated. Synthetic wastewater was composed of ethanol and acetate with a chemical oxygen demand 
(COD)/SO42− of 1.0. As a result, the COD removal efficiency achieved in long-term treatment was higher 
than 90%. During the initial stage, methane production was the dominant reaction. Sulfate-reducing 
bacteria (SRB) could only partially oxidize ethanol to acetate, and methane-producing archaea (MPA) 
utilized acetate for methane production. Methane production declined gradually over the long-term 
operation, whereas the sulfate-reducing efficiency increased. However, UASB performed well throughout the 
experiment because there was no significant inhibition. After the complete reduction of the sulfate, MPA 
converted the remaining COD into methane. 
 
For some specific sulfate-contained wastewater, the COD/SO42- ratio is low. It has reported that the 
competitive trend of the methane production and sulfate reduction is the SRB would consume all of the COD 
equivalents to the sulfate concentration equivalents in the substrate. Further, as the metabolite of SRB, the 
high sulfide concentration in the UASB reactor was also confirmed that severely inhibited the metabolic 
activity of methanogens. The dosage of a specific inhibitor for SRB has been confirmed to be an effective 
strategy to suppress the sulfidogenesis and could promote the methanogenesis in the anaerobic process. 
Molybdate acts as an inhibitor of SRB. However, this method could not be applied in the actual treatment of 
industrial wastewater since the huge economic cost and the environmental hazard risk of molybdate. There 
are very limited studies on the research of the inhibition factor of SRB, and this topic will be discussed in 
Chapter.4. This study aims at investigating that the temperature effects on the overall organics removal 
capability and the reaction kinetic properties of methanogenesis/ sulfidogenesis in anaerobic treatment of 
sulfate-rich methanol wastewater. A lab-scale upflow anaerobic sludge blanket (UASB) reactor was operated 
for more than 280 days treating sulfate-rich methanol wastewater at a temperature range of 17.5-50°C. The 
COD/SO42- ratio of synthetic wastewater is 0.5. Experimental results indicate that both methanogens and 
sulfidogens showed lower metabolic activities at 17.5-25°C. The average chemical oxygen demand (COD) 
removal efficiencies were higher than 90% at 40-50°C. During these experimental periods, larger than 85% 
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of influent COD was confirmed to be utilized for methanogenesis, revealing that methanogens prevailed 
over sulfidogens to significantly dominate in COD utilization in this temperature range. In contrast, the 
sulfidogenesis-based COD utilization was effectively limited under the temperature range of 40-50°C. 
 
Starch is a linear polysaccharide with α‐(1‐4)‐linked D‐glucose units, in nature, used primarily for 
energy storage by plants and biological cells. Starch is non-toxic, with a relatively high BOD/COD ratio of 
0.4-0.7, and is biodegradable. Despite this, in the anaerobic treatment field, the starch wastewater is 
classified as complex wastewater. Thanks to some unfavorable factors of UASB treatment of starch 
wastewater, e.g., high suspended solids (SS), low pH, etc. From now, limited knowledge is available for the 
UASB process applied in the starch wastewater with high organic loading rate (OLR). The investigation of 
an improved UASB process applied in the anaerobic treatment of starch wastewater will be conducted in the 
Chpter.5. In this study, two different anaerobic digestions (AD) processes for the treatment of starch 
wastewater (SW) were compared to determine the effect of adding a pre-acidification unit to this promising 
cost-saving process known for its bioenergy advantages. A single-phase UASB reactor (the SP process) and a 
modified pre-acidification tank/EGSB reactor combined process (the TP process) were continuously fed with 
SW under organic loading rates (OLR) from 1 to 12g-COD/L/d by shortening the hydraulic retention time 
(HRT) from 24 to 2h. The SW treatment performances of both processes were compared in terms of their 
capability to remove organic nutrients, the morphological properties of the granular sludge, and their 
stability. Results showed that the soluble chemical oxygen demand (SCOD) removal efficiencies were higher 
than 80% in both processes. However, granule floatation and disintegration were noticed in the SP process 
when the HRT as shortened to 6h at an OLR of 4g-COD/L/d. In-depth analysis of the elemental composition 
and content of the extracellular polymeric substances (EPS) in the granular sludge indicated an increase in 
the protein content in the loosely-bound EPS (LB-EPS) due to the paste-like membrane structure attached 
to the granules. Sludge disintegration in the SP process may have been triggered by the electrostatic 
repulsion between the negatively charged protein content. In the TP process, the granular sludge exhibited 
satisfactory physicochemical properties (PCPs) and statistic characteristics: the granular size well obeyed 
the Gaussian distribution, the mathematical expectation of the diameter of the granules was in the 
1.29-1.81mm range. These results indicate that the use of a pre-acidification unit (the TP process) is an 
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